SUMMARY A thin PVC film was used as a diffusion filter together with glass lenses in order to induce a unilateral artificial contrast sensitivity depression in controls. These artificially depressed contrast sensitivity functions were made comparable to those assessed in patients during the recovery phase of their acute unilateral optic neuritis. A technique of subjective suprathreshold contrast matching was used to determine the suprathreshold apparent contrast in patients and controls with acute and simulated optic neuritis respectively. The results showed that differences in apparent contrast between the eyes is proportional to the discrepancy in threshold contrast for high and intermediate spatial frequencies in patients with optic neuritis. For low frequencies the apparent contrast difference was independent of threshold differences. Contrast vision of controls with simulated optic neuritis did not show this frequency dependency. There was also a discrepancy in visual acuity between the two groups. Generally the control with artificially depressed contrast sensitivity functions has a letter acuity value lower than that of the optic neuritis patient with a corresponding CSF depression.
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Letter acuity is the most common method used to study the capability of the visual system to detect and process spatial information. It represents recognition of a suprathreshold target at a high spatial frequency. More information about the detection ability is obtained by the contrast sensitivity function, which represents the threshold contrast for different spatial frequencies. Knowledge of the ability of the visual system to process contrasts above the threshold at different spatial frequencies is necessary in order to understand how every day images are perceived. Neither contrast sensitivity function nor acuity give direct access to how suprathreshold spatial information in general is perceived. The fact that threshold and suprathreshold contrast processing can differ has been shown for normal vision12 as well as for patients with amblyopia.3 Our knowledge about the suprathreshold vision in different diseases is limited. In order to gain more insight into the visual perception of the impaired visual system we need to investigate the suprathreshold contrast vis-work4 we studied suprathreshold vision in acute optic neuritis and found that the disturbance of the suprathreshold contrast perception was dependent on spatial frequency. Hess studied in a similar way patients with remaining deficits, when recovered from optic neuritis and did not find any frequencydependent suprathreshold vision disturbance.5 This discrepancy is probably because the patients in our study were in the acute phase of optic neuritis.
In this study we have compared suprathreshold vision in patients with optic neuritis with that of controls with contrast sensitivity function artificially depressed and matched to the deficits of the various optic neuritis patients. The aim of the study was to determine whether the frequency-dependent suprathreshold contrast vision found in acute optic neuritis was related to the CSF depression or if the suprathreshold contrast vision was independent of the contrast sensitivity function change. cies were examined (0 7, 2-7 and 6-7 cycles per degree). The reference grating had three contrast levels (0-15, 0 30 and 0.80). The patients matched each contrast five times at each spatial frequency. The controls did one test session where contrast matching was done with optimal correction on both eyes and two test sessions at which the right eye was artificiallly depressed. During the test session where optimal correction was used, first all the reference gratings were presented to the left eye and then they were all presented to the right eye. Retesting within the same day demonstrated a range of contrast matching that was less than ± 10%. Each setting of a contrast match rarely took more than 10 seconds and a grating was in general inspected less than two seconds at a time before the eye changed position. The controls with artificially depressed contrast sensitivity function in general needed slightly more time to do each setting.
Results
Evaluation of the method It is evident that controls, optimally corrected, can make an accurate and rapid contrast matching of two gratings of identical spatial frequency presented one to each eye. In the frequency range 0-7 to 6*2 cycles per degree the matching is both proportional and accurate (fig 1) .
Contrast sensitivity function. Each optic neuritis patient had his contrast sensitivity function measured at three or four test sessions during recovery (fig 2a) . The contrast sensitivity function showed a depression without peak-shift that is typical for optic neuropathies.6 In the controls we induced several artificially depressed contrast sensitivity functions in order to match them with those of the patients. Contrast sensitivity function pairs consisting of one optic neuritis patient and one control with corresponding contrast sensitivity functions were selected ( fig 2) . The difference between the contrast Suprathreshold contrast Optic neuritis patients. In all cases the suprathreshold contrast matching data were abnormal during the acute phase of the disease (fig 2a) . The data are plotted in log-log coordinates. During recovery there was a normalisation of suprathreshold vision. The suprathreshold apparent contrast during the acute phase of optic neuritis was almost normal for the spatial frequency 0-7 cycles per degree while the apparent contrast at higher frequencies were severely disturbed. The contrast matching data for two frequencies, 0-7 and 6-2 cycles per degree, obtained during recovery from the acute phase of optic neuritis from a representative patient are presented in fig 2a. There is a clear-cut difference between the results of the contrast matching at the two selected frequencies. At high frequency the ratio between the apparent contrast and the reference contrast at different contrast values was proportional to the difference in the threshold value (contrast sensitivity function) between the eyes. There was no evidence for such a proportionality in the low frequency data. The contrast matching seemed to be fairly accurate independent of the degree of threshold discrepancy between the eyes except for the suprathreshold contrast levels closest to the threshold value at which a proportionality between differences in contrast sensitivity function and apparent suprathreshold contrast can be traced. <0.1-
0-05i
1150 Simulated optic neuritis The controls with artificial optic neuritis showed an abnormal suprathreshold matching that in some part was similar to that of the optic neuritis patients. The data from a representative control are presented in fig 2b. In the highfrequency domain the ratio between the apparent contrast and the reference contrast values was proportional to the difference in threshold values between the eyes and the same was true at the low frequency. At the low frequency the main difference between the apparent contrast in optic neuritis and the simulated one is clearly shown (fig 2) . In fig 3 one contrast matching for each patient and each control is presented confirming that this contrast matching difference between the two groups were present in all cases. Thus there is no principal difference between the data at high and low frequency in the simulated cases whereas the optic neuritis patients show the above mentioned sparing at a low frequency.
Visual acuity Letter acuity data from the optic neuritis patients and the controls are presented in the table. For each patient/control pair with corresponding contrast sensitivity functions it was found that the letter acuity in all cases below the 1-0 (20/20) acuity level was lower for simulated controls than for the patients with acute optic neuritis. In some cases the acuity difference was marked.
Discussion
The matching results of this study partly confirms the results presented by Hess. The results for our simulated cases resemble the data presented by Hess.5 The discrepancy between our findings in the acute phase and Hess' data from A comparison of the changes in suprathreshold apparent contrast in acute and simulated optic neuritis 1 151 recovered patients with remaining deficits indicates that some changes in the relation between threshold and suprathreshold vision occurs in long-standing cases. In the present study as well as in earlier reports4 we found, unlike the findings of Hess,5 that a normalised suprathreshold vision could be combined with an abnormal threshold value. The two models for contrast coding in normal vision that were proposed by Kulikowski2 (subjective contrast is directly proportional to physical contrast minus the contrast threshold) and Georgeson and Sullivan' (subjective contrast for stimuli having different contrast is equated above threshold) cannot explain our results. Hess5 -postulated a relationship (subjective contrast is proportional to the logarithm of the physical contrast divided by the ratio of contrast thresholds) that described his results from recovered optic-neuritis-patients. It also explains the results from our simulated optic neuritis patients. These models, however, do not explain recruitment as observed in the low spatial frequency range in acute optic neuritis.4 We need another kind of model which in its simplest form may consist of two mechanisms one of which is more sensitive to contrast and/or frequency that the other.'0 Alternatively there can be two mechanisms of different types, where one of them is a linear function of contrast and the other a non-linear function of contrast.'2 Any of these mechanisms can be affected differently in different visual disorders and that can explain our findings of a difference in suprathreshold and threshold vision in the two groups.
The difference in visual (letter) acuity between optic neuritis patients and simulated cases with almost identical high frequency limb of the contrast sensitivity function up to 39 cycles per degree shows clearly that contrast sensitivity and visual acuity can be differently affected. The discrepancy between letter acuity deterioration between the two groups may be explained by the fact that optic neuritis patients have a generalised depression combined with localised areas of more profound sensory loss.'3 This might result in islands of relatively preserved function useful for letter recognition. Another possible explanation is derived from the way we made the artificial contrast sensitivity function depression. We used diffusion filters which induce a scatter of the light and that is not presented for the optic neuritis patients.
In conclusion our study demonstrated that suprathreshold apparent contrast and visual acuity can be differently affected at corresponding contrast sensitivity functions.
